Aim: Based on its regulatory action on glucagon-like peptide 1, dipeptidyl peptidase IV (DPP-IV) has increasingly been linked to Type 2 diabetes. However, there is no evidence as to how this normal modulatory enzyme leads to pathology. It is thought that DPP-IV is affected by the development of obesity, which is a common precursor to Type 2 diabetes. Little is known about the relationship between DPP-IV activity in plasma and specific body composition measures. Main methods: In the current study, plasma DPP-IV activity and body composition measures were collected from 111 healthy subjects between the ages of 19 and 70 years old for analysis.
Methods

Participant characteristics and ethics statement
For this study, 111 participants were recruited locally from the Auburn University area by the use of flyers around campus, the SONA system for the College of Education, and e-mails to classes in the School of Kinesiology (see Table 1 for a summary of participant characteristics). All participants were asked if they were diagnosed with diabetes and/or any cardiovascular or pulmonary diseases. They also completed a medical deferral list and the Full-length Donor History Questionnaire. Participants were included in the study if they were "apparently healthy," which, for the purpose of this study, was defined as a self-reported absence of diagnosis of a clinical condition (i.e., participants answered "No" to all disease-based questions). Participants were excluded if they had any contraindications to participating in a blood draw, including diseases that would potentially cause the blood draw to be detrimental to either the participant or researcher. The study was submitted to and approved by the Institutional Review Mean ± standard deviation (range).
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Board at Auburn University prior to starting the study, and a written Informed Consent was obtained from all subjects.
Blood collection and analysis
Participants were asked to refrain from eating and drinking for at least an hour prior to any experimental measurements or blood sampling, as post-prandial DPP-IV activity does not change significantly after one hour [12] . Blood samples were collected using standard venipuncture in a prominent antecubital vein or a finger prick if the participants preferred not to have venipuncture.
Plasma was separated by centrifugation for 10 minutes at 1,000 g and 4°C.
Plasma was subsequently stored in 0.5 mL aliquots at −80°C until analysis.
Body composition analysis
On the same visit, the body composition of the participant was analyzed using a Lunar iDEXA machine (GE Healthcare, Fairfield, CT). This provides detailed information about relative and absolute fat in various compartments including visceral, android, and gynoid areas. The iDEXA also analyzed the participant for absolute and relative lean mass.
Plasma enzyme analysis
The plasma was analyzed for DPP-IV activity using a fluorometric assay developed by Scharpé et al. [13] . This assay measures the release of 4-methoxy-2-naphthylamine to determine the activity of DPP-IV and has a detection limit of 0.1U/L and a Km of 60.1 μM for the product glycyl-L-proline-4-methoxy-2-naphthylamine [14] . Enzymatic activity was defined as the amount of DPP-IV that cleaves 1 μmol of glycyl-L-proline-4-methoxy-2-naphthylamine per minute. DPP-IV activity was calculated using the equation below:
Activity ðU=LÞ ¼ ½ðSÞ × V A × 1000 × C st Þ=½ðT × S V × ðFÞ where S is the sample fluorescence minus the sample blank fluorescence, V A is the total assay volume, 1000 is the correction factor for milliliters to liters, C st is the standard concentration, T is the incubation time, S v is the sample volume, and F is the standard florescence minus the standard blank florescence.
Statistical analysis
After determining the line of best fit, linear regression was used to determine the statistical significance of correlations between the enzymatic activity of DPP-IV in the plasma and the measures of age and BMI. A multiple linear regression model was used to determine the correlation between plasma DPP-IV activity and several specific body composition measures. The method of Article No~e00097
backward elimination was applied to determine the significant factors of the model. All statistical analysis was performed using SAS 9.4 software (SAS Institute Inc., Cary, NC).
Results
Relationship to absolute lean and fat mass
After a multiple regression analysis of DPP-IV activity, lean mass, and fat mass, both measures of body composition were found to have a significant relationship with DPP-IV activity (p < 0.0001). A positive relationship was found between DPP-IV activity and absolute lean mass (p < 0.0001; Fig. 1A ). Conversely, DPP-IV activity had a negative correlation with absolute fat mass (p = 0.0147; between absolute fat and lean mass was included, it was found to be insignificant and eliminated from the model.
Associations with different fat compartments in the body
Fat distribution was analyzed via multiple regression including the variables: absolute android fat (kg), absolute gynoid fat (kg), absolute visceral fat (kg), absolute lean mass (kg), and DPP-IV activity. Using backward elimination, the regression found only absolute lean mass and absolute gynoid fat to be significant (p < 0.0001). In this model, absolute lean mass was positively correlated to DPP-IV activity (p = 0.0002), but gynoid fat was negatively correlated with DPP-IV activity (p = 0.0047; Fig. 2A ). When taken together, lean mass and gynoid fat mass had a moderate effect on DPP-IV activity (r = 0.4433), which was slightly higher than when using total fat mass. Both absolute android fat (Fig. 2B ) and absolute VAT (Fig. 2C) were eliminated from the model, due to having an insignificant relationship with DPP-IV activity.
Associations with age and BMI
The results from the linear regression analysis of age and DPP-IV activity showed that there was not a significant relationship between the two variables (Fig. 3) . Additionally, no significant relationship was found between DPP-IV activity and BMI (Fig. 4) . Fig. 5 shows the DPP-IV activity by weight classifications according to the participant's percent fat (A) and the same participants classified by their BMI (B). There was a significant relationship between BMI and percent fat in this group of participants (p < 0.01; Fig. 5C ). Fig. 6 is DPP-IV versus absolute lean mass and shows that both men and women appear to fall on the same regression line.
Post hoc analyses
Discussion
The original hypothesis of this study was that high enzymatic activity of DPP-IV would be associated with higher fat mass, and particularly with greater visceral adipose tissue. After analysis, several interesting findings were discovered. The main finding was that DPP-IV activity was negatively correlated with absolute fat mass, indicating that lower DPP-IV activity is associated with higher fat mass. We also found lean mass was positively correlated with the enzymatic activity of DPP-IV. DPP-IV activity was correlated with some specific fat compartments, while other measures such as BMI and visceral adipose tissue did not have an association with DPP-IV activity. This suggests that regulation of DPP-IV activity may be, in part, dependent on the individual's specific body composition.
Relationship to absolute lean and fat mass
Our data indicate that DPP-IV activity had a negative correlation with fat mass, suggesting people with more fat will have lower DPP-IV activity. However, fat cells do release DPP-IV and possibly contribute to the pool of plasma DPP-IV activity [15] . Lamers et al. [15] found that DPP-IV is released from adipose tissue explants, and adipocytes from obese patients release more DPP-IV when stimulated by inflammatory mediators. They also found that following DPP-IV activity vs. absolute lean mass in males and females.
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surgically-induced weight loss, this increase in DPP-IV release from adipocytes is normalized to the level of lean control subjects. However, these adipocytes were stimulated with growth factors that often are released with obesity, to achieve release of DPP-IV. It is possible that in non-obese individuals, fat cells experience little stimulation to release DPP-IV.
The most interesting finding from the current study was that DPP-IV activity was positively correlated with absolute lean mass. To our knowledge, this is the first time this was demonstrated and suggests that lean mass may play a role in modulating the soluble DPP-IV pool. A recent study showed DPP-IV is released from the skeletal muscle as a myokine in a contractile-related manner [16] .
Also, studies on energy intake suggest lean mass is the most important factor for determining daily energy intake [17] . This may be significant for DPP-IV activity as DPP-IV acts to control the half-life of a number of signaling peptides related to food intake and satiety [5, 15, 18] . This along with the current data suggests that high DPP-IV activity may be due to muscle activity and may not indicate the development of pathology.
Associations with different fat compartments in the body
We hypothesized that DPP-IV activity would be positively correlated with visceral adipose tissue mass, based on previous research suggesting that visceral adipose tissue released more DPP-IV than subcutaneous adipose tissue [15, 19] . However, in the present study, VAT mass did not have a significant relationship with DPP-IV activity when accounting for the different compartments of fat.
This could possibly be explained by the low amounts of visceral adipose tissue in the participants. Eleven individuals had visceral adipose tissue below detectable limits, and the mean value was 0.32 kg, which is much lower than values reported in other studies [20, 21] . It is possible that visceral adipose tissue under a certain threshold amount does not contribute significantly to the activity of whole body DPP-IV.
We also hypothesized that a positive correlation between DPP-IV activity and android fat would be present, while there would be no correlation with gynoid fat. However, DPP-IV activity was only significantly related to absolute gynoid fat when the model included distribution of centralized fat. This relationship was negative, indicating that individuals with less fat in the gynoid region are likely to have higher levels of plasma DPP-IV activity. In the present study, women had lower average DPP-IV activity compared to males, so it is possible that the relationship with gynoid fat is a sex effect rather than a fat mass effect.
However, there is little information regarding sex and DPP-IV activity.
Associations with age and BMI
The results of the present study showed no significant correlation between DPP-IV activity and age. This is in contrast with previous literature showing lower DPP-IV activity in older adults, resulting in normal to elevated active GLP-1 levels [22] . A possible explanation is the above referenced participants were all classified as obese, therefore, the relationship with age in Meneilly et al. may be explained by their high fat mass, rather than age [22] . This is in agreement with the current data showing lower DPP-IV activity with increased fat mass. Although we had a wide range of ages in this study, most of our participants were in their 20's. This may also explain the lack of relationship between DPP-IV activity and age in the current study.
According to the current data, the lack of correlation between DPP-IV activity and BMI agrees with previous research, suggesting that BMI is not predictive of DPP-IV activity in the plasma [1, 12, 23] . While Kirino et al. showed relationships between DPP-IV activity and BMI [24] , it should be noted that their study investigated Japanese students, while our study looked predominately at Caucasian American students. It is possible that ethnicity may play a role in the relationship between BMI and DPP-IV activity.
BMI can present an inaccurate representation of overall body composition.
Athletic individuals with higher lean mass often have BMI's that indicate obesity, whereas body fatness using BMI is underestimated in individuals, such as older adults, who are prone to loss of lean mass [25, 26] . The results from this study were independent of the age of the participant, suggesting that accurate representation of body composition is valuable in understanding DPP-IV activity levels.
Conclusions
Dipeptidyl peptidase IV is an important regulatory enzyme that controls diverse functions such as insulin release, vasoconstriction, feeling sated, and cell proliferation. However, we know little about how DPP-IV activity is regulated in the body. This study was an attempt to understand the relationships between specific body composition measurements and DPP-IV activity in apparently healthy individuals. We found that high absolute lean mass and low absolute fat mass have a moderate relationship with high DPP-IV activity. While this is a correlational study and does not present a cause and effect, it shows that more causative studies need to be performed to determine what controls DPP-IV activity in the blood, including muscular activity, sympathetic nerve activity, and stress [2, 16, 27, 28] . These findings also provide a basis for continued research in understanding what causes DPP-IV activity to change and why it becomes an important target for pharmaceutical management of diabetes.
